Variations and evolution of polyubiquitin genes from ciliates.
Polyubiquitin genes from seven ciliate species were amplified, cloned and sequenced. It is estimated that Strombidium sulcatum, Euplotes vannus, E. rariseta and Anteholosticha manca have a polyubiquitin gene of 3 repeats, and A. parawarreni, Paramecium caudatum and Pseudokeronopsis flava 4 repeats. The newly obtained ubiquitins mostly differ from that of humans by 1-5 residues in amino acid sequences. A neighbor-joining tree constructed based on monomeric ubiquitin genes supports the monophyly of an assemblage comprising the litostomateans and some oligohymenophoreans, but not the class Spirotrichea. The monomers from the same species are generally placed together and highly supported for the class Litostomatea, the genera Paramecium and Ichthyophthirius, but not for other species. The non-synonymous/synonymous rate ratio (dN/dS) at the protein level are less than 1, and the synonymous nucleotide differences per synonymous site (p(S)) from intraspecific comparisons are fairly high (0.02-0.72). These results indicate that ciliates have not only the conserved, but also some quite divergent, polyubiquitin genes and confirm that the polyubiquitin genes in ciliates evolve according to the birth-and-death mode of evolution under strong purifying selection.